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MEASUREMENT SYSTEM CLUSTER 

Cross Reference To Related Application 

This application claims the benefit of U.S. Provisional Application Serial 
5 No. 60/286,485, entitled "Measurement System Cluster" and filed on April 26, 
2001. 

Technical Field 
The present invention relates to the art of semiconductor device 
10 manufacturmg and fabrication, and more particularly to systems and methodologies 
for measuring process parameters associated with processed semiconductor wafers. 

Background of the Invention 

In the semiconductor industry there is a continuing trend toward higher 

15 device densities. To achieve these high densities there have been, and continue to 
be, efforts toward scaling down the device dimensions on semiconductor wafers. In 
order to accomplish such a liigh device pacldng density, smaller feature sizes are 
required. These may mclude the width and spacing of interconnecting lines and the 
surface geometry such as the comers and edges of various features. 

20 The requirement of small features with close spacing between adjacent 

features requires high-resolution photo-lithographic processes as well as high 
resolution meti'ology and inspection instruments and systems. In general, 
lithography refers to processes for pattern transfer between various media It is a 
technique used for integrated circuit fabrication in which, for example, a silicon 

25 wafer is coated uniformly with a radiation-sensitive film (e,g. , a photoresist), and an 
exposing source (such as ultraviolet light, x-rays, or an electron beam) illuminates 
selected areas of the film surface through an intervening master template (e.g., a 
mask or reticle) to generate a particular pattern. Hie exposed pattern on Ihe 
photoresist film is then developed with a solvent called a developer which dissolves 

30 either the exposed or unexposed depending on the type of photoresist positive 
or negative resist, thus leaving a photoresist pattern corresponding to the desired 
pattern on the silicon wafer for further processing. 

In addition to lithographic processes, other process steps in the fabrication of 
semiconductor wafers require higher resolution processmg and inspection equipment 
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in order to accommodate ever shrinking featui'e sizes and spacing. Measurement 
instruments and systems ai-e used to inspect semiconductor devices in association 
with manufacturing production line quality control applications as well as with 
product research and development. The ability to measure and/or view particular 
5 features m a semiconductor worlq)iece allows for adjustment of manufacturing 
processes and design modifications in order to produce better products, reduce 
defects, etc. For instance, device measurements of critical dimensions (CDs) and 
overlay registration may be used to make adjustments m one or more such process 
steps in order to achieve the desired product quality. Accordingly, various 

1 0 metrology and inspection tools and instruments have been developed to map and 
record semiconductor device features, such as scanning electron microscopes 
(SEMs), atomic force microscopes (AFMs), scatterometers, spectroscopic 
ellipsometers (SEs), and the like. Scatterometers, as used in tMs context, are optical 
instruments that employ algorithms to invert the pai'ameters of a grating from tlie 

15 measured optical characteristics. Typically, scatterometers are used to measure 
gratings with lateral dimensions that are finer than wavelengths employed by the 
instrument. The fundamental optical instrument for a scatterometer may be identical 
to optical instruments used, e.g., for thin-film metrology. Thus an SE, which is 
routinely used to characterize thm (uripattemed) films, may be employed as a 

20 scatterometer if the appropriate algorithms are available. The same would be true of 
a reflectometer. In some cases, the optical instrument portion of a scatterometer 
may be specifically designed for scatterometry. In what follows, "SE" is used to 
designate a spectroscopic ellipsometer used for standard thin film measurements, 
i.e., fihn thickness and/or optical properties. 

25 Such measurement instruments are typically employed in stand-alone, off- 

line fashion, for example, wherein one or more wafers processed by a particular 
process tool are measured or inspected and a determination is made as to whether 
measured process parameters (e.g., CDs, overlay registration, film thicknesses, 
material properties, particle count) are within acceptable limits, and/or whether 

30 process related defects are present in the wafers. A stand-alone measurement 
instrument is not integrated into a process tool, and thus can be used to service 
multiple process tools. The measurements or inspection may be performed using 
more than one such measurement instrument, where features are measured using 
different instruments. Because the measurement instruments are stand-alone 
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systems, the wafers must be transported between the process tool and the ' 
measurement instruments before a measurement can be obtained, the stand-alone 
nature of conventional measurement instrumentation and the resulting transport of 
wafers between such instruments results in significant down-time in a 
5 semiconductor fabrication facility, wherein expensive process tools are shut down 
pending a final determination as to the existence of problems in the process. 

In adcUtion, where wafers must be measured in two or more successive 
measurement systems in serial fashion, Ihe measurement instrument having the 
lowest wafer throughput capacity becomes a bottleneck for the mspection process, 

10 thus further exacerbatmg process down-tune. Moreover, existing measurement or 
inspection instruments for semiconductor wafer febrication processes may provide 
different results for measurement of the same feature, whefein one instrument may 
identify a dimensional problem associated with a particular feature, while another 
such instrument may not. Thus, there is a need for improved measurement systems 

1 5 and methodologies which provide for timely, consistent feature measurement and 
inspection for wafers being processed in a fabrication facility, and which reduce or 
mitigate process down-time. 

J' 

Summary of the Invention 

20 ' The following presents a simplified summary of the invention in order to 

provide a basic understanding of some aspects' of the invention. This summary is 
not an extensive overview of the invention. It is intended to neither identify key or 
critical elements of the invention nor delineate the scope of the invention. Ratlier, 
the sole purpose of this summary is to present some concepts of the invention in a 

25 simplified form as a prelude to the more detailed description that is presented 

heremafter. The present invention provides systems and methods for measuring and 
inspecting semiconductor wafers in a febrication process using one or more of a 
plm-ality of measurement instruments or metrology tools by which the 
aforementioned shortcomings associated with prior systems may be mitigated. 

30 Clustered measurement systems are provided having a plurality of measurement 
instruments, togetlier with systems for transferring wafers to one or more of the 
measurement devices according to selection criteria. Measurement systems may 
accordingly be selected for use based on availability, throughput, cajpabilities and/or 
other considerations, whereby overall system througjiput and efficiency may be 
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improved witliin the accuracy capabilities required for measuring process parameters 
(e.g., such as CDs, overlay registration, or the like) associated with the wafers. 

In addition, the present invention facilitates correlation or cross-calibration 
between data responses of at least two measurement systems, such as for example a 
5 CD-SEM and a scatterometer. In particular, a wafer (e.g., one or more layers in 
layer stack) inay be measured with a scatterometer to receive a data response 
associated with the scattering of an incident wavelength of light. The wafer may 
also be measured by a CD-SEM to receive another data response, which is 
characteristic of the CD-SEM device. The data responses from the scatterometer 

10 and the CD-SEM may be correlated. Based on the correlation, the scatterometer can 
be adjusted to the extent that future measurements taken by a scatterometer resemble 
data responses as if produced by a CD-SEM. This correlation facilitates alternating 
or varying between the measurement system employed depending on the processing 
time, costs, accuracy and efficiency needs and requirements. 

15 According to one aspect of the present invention, a measurement system 

cluster is provided having two or more measurement instruments such as scanning 
electron microscopes (SEMs), atomic force microscopes (AFMs), scatterometers, 
spectroscopic ellipsometers (SEs), or the like, which can be selectively employed to 
measure process parameters associated with a wafer. The various instruments may 

20 be interconnected to share information, such as calibration information, and can be 
cross-calibrated. The metrology cluster ftirther comprises a wafer transfer 
mechanism or system, such as a robot, operative to selectively provide a wafer to 
one or more of the measui'ement devices according to at least one measurement 
system selection criterion. The selection criteria, for example, may take into account 

25 the capabilities, availability, and throughput of the various measurement 

instruments, whereby a selected measurement device has appropriate measurement 
capabilities required for a given wafer (e.g., or set of wafers being processed), such 
that an available measurement instrument having the highest throughput capacity 
can be selected for use in performing the requked measurements. 

30 In addition, the present invention fecilitates correlation or cross-calibration 

between measurements of at least two measurement systems, such as for example a 
CD-SEM and a scatterometer. In particular, multiple reference samples, e.g., a 
particular site m different dies on a reference wafer, may be measured with a 
scatterometer. The reference sites may also be measured by a CD-SEM. The 
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measurements from the scatterometer and the CD-SEM may be correlated. Based 
on the correlation, future scatterometer measurements, e.g., on production samples, 
can be adjusted to resemble measurements that would be produced by a CD-SEM. 
This correlation facilitates alternating or varying between the measurement system 
S employed depending on the processing time, costs, accvifacy and efficiency needs 
and requirements. 

Another aspect of the invention provides a wafer measxirement or inspection 
system having a measurement instrument operative to measure at least one process 
parameter associated with a wafer, as well as an optical chaiacter recognition (OCR) 

1 0 system providing a wafer identification according to at least one optically 

recognizable character on the wafer. A character in this context is taken as an 
indicator of information. For examples, characters may be alpha-numeric or a bar 
code. The OCR system may thus read stampings or markmgs, such as lot numbers, 
data codes, and other character-based indicia on the wafer being measured, and 

1 5 provide for selection of measurement instruments appropriate for the required 

measurement task. The measurement system, moreover, may be integral with one or 
more process tools forming a part of the fabrication process, whereby processed 
wafers are provided directiy to the system without further machine or human 
intervention. , 

20 In accordance with yet another aspect of the invention, there is provided a 

methodology for measuring process pai*ametei^ associated with a wafer in a 
semiconductor fabrication process. Wafers are received from the fabrication process 
and selectively provided to one or more measurement instruments according to a 
measurement system selection criteria. In this regard, the selection criteria can 

25 include using an available measurement instrument having the highest throughput 
capacity and the required accuracy or other performance capabilities required for the 
wafer measurements, whereby the overall throughput of a system can be unproved. 
The method may further include identifying the wafer being measured, such as for 
example, tlirough reading one or more optical characters on the wafer, determining 

30 measurement capabilities required to measure tlie process parameter according to the 
identity of the wafer, and selecting the appropriate measurement instrument 
according to the required measurement capabilities and measurement system 
capabilities information associated with the available measurement devices. 
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To the accomplishment of the foregoing and related ends, the invention, 
then, comprises the features hereinafter fully described. The following description 
and the annexed drawings set forth in detail certain illustrative implementations of 
various aspects of tlie invention. However, these implementations are indicative of 
5 but a few of the various ways in which the principles of the invention may be 
employed. Other aspects, advantages and novel features of the invention will 
become apparent from the following detailed description of the invention when 
considered in conjunction with the drawings. 

10 Brief Description of the Drawings 

Fig. 1 is a schematic diagram illustrating an exemplary measurement system 
cluster m accordance with one or more aspects of the present invention; 

Fig. 2 is a schematic diagram illustrating a fabrication process having 
process tools and stand-alone measurement systems; 
15 Fig. 3 is a schematic diagram illustrating a fabrication process having an 

exemplary measurement system cluster in accordance with the invention; 

Fig. 4 is a schematic diagram illusti-ating a semiconductor wafer fabrication 
process employing measurement system clusters providing measurement 
information as feedback to associated process tools, as well as to an advanced 
20 process control system according to the invention; 

Fig. 5 is a schematic diagram illustrating another exemplary measurement 
system cluster operatively associated with a process tool and an advanced process 
control system; ^ 

Fig. 6 is a schematic diagi-am illustrating another exemplary measurement 
25 system cluster in operative communication with a process tool; 

Fig. 7 is a schematic diagram illustratmg another e)cemplary measurement 
system cluster integrated into a fabrication process with a process tool and an APC 
system; 

Fig. 8 is a schematic diagram illust-atmg an exemplary measwement system 
30 selection logic component according to another aspect of the invention; and 
Fig. 9 is a flow diagram illustratmg an exemplary methodology m 
accordance with the invention. 
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Detailed Description of the Invention 

The various aspects of the present invention will now be described with 
reference to the drawmgs, wherein lilce reference numerals are used to refer to like 
elements throughout. The invention provides systems and methods for measuring 
5 and/or inspecting semiconductor wafers in a fabrication process using one or more 
of a plui-ality of measurement instruments or systems. A measurement system 
cluster is provided having a plurality of such measurement systems, together with a 
system for transferring wafers to one or more of the measurement systems according 
to one or more selection criteria. Measurement instruments or systems may be 

1 0 selected for use based on availability and throughput capabilities, whereby overall 
equipment thi'oughput and efficiency can be improved within the accuracy 
capabilities required for measuring process parameters associated with the wafers. 

In Fig. 1, an exemplary measurement system clxister 2 is illustrated in which 
various aspects of the present invention may be implemented, The cluster 2 may be 

15 advantageously employed for measuring process parameters (e.g. , overlay 
registration, photoresist layer defects, feature sizes, spacing between features, 
paiticle defects, chemical defects, and the like) associated with wafer 4 in a 
semiconductor fabrication process. The measurement system cluster 2 comprises a 
plurality of measurement systems 10, 12, and 14 having measurement instruments 

20 (not shown) associated therewith. For example, the systems 10, 12, and 14 may 
include scanning electron microscopes (SEMs), atomic force microscopes (AFMs), 
scatterometers, spectroscopic ellipsometers (SEs), or other measurement instruments 
adapted to measure process parameters associated with processed semiconductor 
wafers 4. 

25 The cluster 2 further comprises a wafer transfer system 20, such as a robot or 

other automated wafer translation device, which receives wafers 4 processed in the 

fabrication process via an unloader station 22 which unloads wafers 4 from a 

r 

cassette 24 or other wafer carrying device. The wafer transfer system 20 then 
selectively provides the wafers 4 to one or more of the measurement systems 10, 12, 
30 and/or 14 according to a measureirient system' selection criteria as described in 
greater detail hereinafter. One or more process parameters (not shown) are then 
measured and/or hispected in order to verify proper processing of the wafers and/or 
to detect defects or errors in the fabrication process. The exemplary cluster system 2 
. . further comprises a computer system 30 having a measurement system selection 
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logic 34, and calibration information 36 therein. The measurement systems 10, 12, 
and 14, as well as the unloader station 22, the wafer transfer system 20, and the 
computer system 30 are networked together via a network 40, whereby measurement 
information, measurement system selection information, calibration information 36, 
5 and other control information and data may be shared between the various 
components of the measurement system cluster 2. 

Once the appropriate process parameters associated with the wafers 4 have 
been measured via the measurement systems 10, 12, and/or 14, the wafer transfer 
system 20 provides the wafers 4 to a loader station 42 which loads the wafers into 

10 outgoing wafer cassettes 24 for transfer to other systems in the fabrication process, 
such as a downstream process tool (not shown). There are many dtemative 
arrangements, each having different strategies for loading and unloading wafers. 
For instance, the stations 22 and/or 42 can be loader/unloader stations, able to 
perform both functions. With a loader/unloader station, wafers may be returned 

15 after measurement to the same cassette in which they arrived. In addition, cluster 2 
may have a smgle loader/unloader, or more than two; and/or cluster 2 may have 
more tliaii one each of load and/or imload stations. 

The cluster 2 further comprises an optical character recognition (OCR) 
system 44 providing a wafer identification (not shown) to the measurement system 

20 selection logic component 34 via the network 40, whereby the component 34 may 
make an appropriate selection of measurement system(s) 10, 12, and/or 14 to be 
used to measure or inspect the wafer 4. Although tlie exemplary cluster 2 identifies 
the wafers 4 using the OCR system 44, other techniques may be used to identify the 
wafers 4, such as for example, location within the cassette 24, or other metliods as 

25 are Icnown. It will be appreciated, however, that where lot code mformation, date 
codes, and the like are printed or stamped directly on the wafers 4, the OCR system 
44 advantageously reduces the likelihood of incorrect wafer identification. 

The measurement system selection logic component 34 m the computer 
system 30 provides a measurement system selection to the wafer transfer system 20 

30 according to one or more selection criteria (e.g, , as illustrated and described in 
greater detail hereinafter with respect to Fig. 8), wherein the wafer transfer system 
20 provides the wafers 4 to at least one of the measurement systems 10, 12, and/or 
14 according to the measurement system selection. For example, the measurement 
system selection criteria can include capabilities requirements information 
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associated with the wafer 4, as well as capability infonnation, availability 
information, and throughput informatibn associated with the measurement systems 
10, 12, and 14. The selection moreover, may be made according to a desu«d 
sequencing of measurements in the systems 10, 12, and/or 14. 
5 The capabilities uiformation may thus be derived according to the wafer 

identification from the OCR system 44, and may comprise mformation indicating 
the type of feature(s) or dimension(s) to be measured in Ihe system 2, as well as the 
required accuracy for the measurement(s)/ The measurement system selection from 
the logic component 34 may ftirther take into account the measurement capabilities 

10 of the various measurement systems 10, 12, and/or 14. For example, one or more of 
the systems 10, 12, and/or 14 may be capable of performing a given measurement 
within the required accuracy, while others may not. In addition, the respective 
systems 10, 12, and/or 14 can each have different throughput capabilities. For 
instance, a SEM instrument may be able to measure 30 wafers per hour (wph), a 

1 5 scatterometer may measure up to 1 50 wph, and a spectroscopic ellipsometer may 
measure 75 to 80 wph. In selecting a measui*ement system to perform a given 
measurement task, therefore, the measurement system selection logic component 34 
may advantageously select the system which can provide the highest throughput, 
within the required measurement capabilities for the measurement. 

20 In this regard, the selection logic component 34 may also consider which 

systems 10, 12, and/or 14 are currently available in scheduling the transfer of wafers 
4 via the transfer system 20. Thus, the measurement system selection logic 
component 34 provides the selection indicating a selected measurement system 10, 
12, or 14 having capabilities required for the wafer 4 according to the capabilities 

25 requirements information (e.g., obtained or derived from the wafer identification via 
the OCR system 44) and the measurement system capability information. 
Furthermore, the selection may reflect the measurement system havmg tlie liighest 
throughput with the capabilities required for the wafer 4 according to the 
measiuement system availability information and the throughput information. 

30 As tlie various measurement systems 10, 12, and 14 are interconnected in the 

cluster 2, and may share information via the network 40, the systems 10, 12, and/or 
14 may be cross-calibrated. In this regard, the calibration infonnation 36 in flie 
computer system 30 may be shared between the various systems 10, 12, and 14, 
whereby the measurements made by one measurement instrument in the systems 10, 
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12, or 14, are comparable to those made by another such instrument. The exemplary 
cluster system 2 thus provides significant advantages over conventional stand-alone 
measurement systems with respect to cross-calibration as well as in reducing excess 
transferring of the wafers 4 between such stand-alone measurement stations in a 
5 . fabrication process. 

Information may be provided to an upstream (e.g., or downstream) process 
tool (e.g., photo-resist track, stepper, or the like), which can employ such 
information as process feedback (or feed forward), whereby on-line closed-loop 
process control can be achieved, for example, wherein the process tool perfonns 

1 0 fabrication processing steps according to the measurement data in order to mitigate 
defects in processed wafers 4. Alternatively or in combination, the measurement 
(e.g., and/or defect detection) information may be provided to an advanced process 
control (APC) system (not shown), which in turn may provide process adjustments 
to such process tools in feedback and/or feed forward fashion. In this regard, it will 

1 5 be appreciated that the reduction in transfer time resulting from clustering of 

multiple measurement systems 10, 12, and 14 into a single system 2, as well as the 
selective employment of appropriate measiirement systems based at least in part on 
ttooughput and/or availability information, may be used to mitigate down-time of 
related process tools, whereby real-time or near real-time measui-ement and/or defect 

20 detection may be achieved with little or no fabrication process down-time, in 
accordance witli the present invention. Moreover, the exemplary measurement 
cluster 2 may also be integrated with a process tool, as illusti-ated further in Figs. 6 
and 7, which operates to perform one or more fabrication processing steps on the 
wafers 4 and to provide the processed wafers 4 to the wafer transfer system 20. 

25 Referring briefly to Fig. 2, a portion of a conventional wafer fabrication 

process 50 is illustrated in which wafers 54 proceed in serial fashion from a first 
process tool 56 to a series of measurement instrument systems 58, 60, and 62. The 
systems 58, 60, and 62 provide measurement information to an APC system 64, 
which in turn provides feedback information 66 (e.g., such as a process adjustment 

30 or control information) to the process tool 56. Thereafter, Ihe wafers 54 are 

provided to a second (e.g., downstream) process tool 68. As can be seen in Fig. 2, 
the APC system 64 is unable to provide tunely feedback to the process tool 56 
because the measurements from the measurement systems 58, 50, and 62 are not 
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made at the same time, and further becaxise the wafers 54 must be transported (e.g., 
typically manually) between the systems 58, 60, and 62. 

Referring now to Fig. 3, the invention provides clustering of measurement 
instruments or systems 71, 72, and 73 into a measurement system cluster 70 along 
5 with a wafer transfer system 74, wherein the cluster or system 70 may receive 

wafers 75 from an upstream process tool 76 in a fabrication process 80, typically in 
a cassette or FOUP. The system 70 may operate in a manner similar to the operation 
of the exemplary cluster 2 of Fig. 1 , whereby the wafer transfer system 74 
selectively provides the vrafei-s 75 from the process tool 76 to one or more of the 

10 measurement systems or instruments 71, 72, and/or 73 according to one or more 
measurement system selection criteria. The measurement system selection criteria 
may include, for example, measurement capabilities, measurement capability 
requirements, availability, anticipated need based on scheduling of fabrication 
process 80 and/or throughput capabilities. The time savings achieved by the 

1 5 clusteiing of the measurement systems 71 -73 and the operation of the wafer transfer 
system 74 in selecting an appropriate measurement system for a particular inspection 
task allows timely provision of measui*ement infonnation (e.g., overlay registration, 
CD measurements, feature size and spacing) for feedback 78 to the process tool 76 
in a timely fashion, whereby the down-time associated with process pai-anieter 

20 measurement in conventional systems (e.g., Fig. 2) can be advantageously mitigated 
in accordance witli the present invention. Once measured, the wafers 75 can then be 
provided from the measurement system cluster 70 to a second (e.g., dovmstream) 
process tool 79. Although not shown, the measurement infonnation may be used for 
. feed forward, e.g., to downstream process tool 79. System 70 provides the same 

25 advantages over a series of measurement instrument systems 58, 60, and 62, as 
shown in Fig. 2, when used for feed forward or feedback information. 

Another semiconductor device fabrication process 100 is illustrated in Fig. 4, 
in which other advantages of the present invention are shown. The process 1 00 
comprises process tools 102, 104, and 106 and associated measurement system 

30 clusters 112,114, and 1 1 6, respectively, which operate to measure one or more 

process parameters associated with wafers 1 10 in a manner shnilar to the exemplary 
system 2 of Fig. 1. Any of measurement system clusters 112, 114, and 116maybea 
cluster of one measurement system. Further, the association of a cluster with a tool, 
e.g., cluster 1 12 to tool 102, can be integrated into the tool, where the cluster shares 
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support, wafer transport and/or other fecilities. The measurement system clusters 
1 12, 1 14, and 1 16, as well as the process tools 102, 104, and 106 communicate with 
each other via a network 120, whereby information may be transferred 
therebetween. An APC system 130 is also operatively connected to the network , 
5 1 20, such that measurement information , CDs, overlay registration, and the 
like) may be obtained from the measurement systems 1 12, 1 14, and 1 16 for 
providing process feedback or process feed forward or adjustments to the various 
process tools 102, 104 and/or 106 and for other processmg of such measurement 
information. For example, the APC system 1 12, may provide defect classifications 
10 to one or more of the process tools 102, 104, and/or 106, whereby adjustments may 
be made therein, in order to reduce the number of such defects in the fabrication 
process 100. 

The measurement system clusters 1 12, 1 14, and 116 can also include APC 
systems therein, providing feedback information 122, 124, and 126, respectively to 

15 the process tools 1 02, 1 04, and 1 06, for tunely adjustment of the uidividual process 
tools 102, 104, and 106, and the respective process steps carried out therein. 
Alternatively or in combination, such feedback information may be provided from 
the measui*ement system clusters 1 12, 114, and/or 1 1 6 to one or more of the process 
tools 102, 104, and/or 106 via the network 120. Jn addition, the invention provides 

20 for shaiing of calibration information between the clusters 1 12, 1 14, and/or 116, 
whereby the clusters 1 12, 1 14, and/or 1 16 and/or tlie component measurement 
instrument systems therem, may be cross-calibrated, such that the measurements 
made thereby aie perfomaed according to a universal standard across the entire 
process 100. The universal standard may apply over a larger domain than just 

25 process 1 00, e.g,, within a whole manufacturing facility, or even linking 
manufacturing facilities. 

The process 100 can ftirther include a standalone measurement system 
cluster 150 networked with the clusters 1 12, 1 14, and 1 16 via network 120. For 
example, clusters 112, 114, or 1 16 may be integrated within their associated tools, as 

30 described above, and primarily measure wafers 1 10 processed by their associated 
tool, whereas cluster 150 is set up for measuring wafers from many sources with 
ease. Furthermore, cluster 150 may comprise measurement histruments (not shown) 
of types found ui the clusters 1 1 2, 1 14, and 1 1 6 as well as a recipe generator 1 52, a 
database generator 1 54 and a defect classification system 1 56, Recipes are sets of 

12 " 
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instructions for a measuiement instrument comprising where to measure on the 
wafer, measurement system parameters for the physical measurement, and 
specification of an algorithm to convert the fundamental physical measurements into 
useful information. For example, for a reflectometer measurement instrument, the 
5 recipe may comprise infoimation about the layout of the wafer including die size 
and location, which dies on the wafer to measure, one or more sites within the die at 
which to measure (typically referenced to structures in the cUe), pattern recognition 
parameters to identify and locate the structures in the die, the length of time to 
integi'ate over for measuring reflected intensities, the wavelengths of light at which 

10 to report measured intensities, an algorithm based on model that comprises a stack 
of thin films at the measurement location, specification of which parameters are 
known and which are to be measured, etc. The recipe may comprise much more 
information than cited in this example. Instrmnents of a different nature than the 
exemplary reflectometer may require rather different information in their appropriate 

15 recipes. 

In general, databases contain information to aid in the conversion of the 
fundamental physical information collected by an instrument into useable 
information about the process state of the wafer. As an example, a database for a 
reflectometer from database generator 154 can aid in converting measured optical 

20 absolute reflectivities to CD or film tliiclcness. Algorithms use databases, e.g., for 
scatteromety, when the computational time for an algorithm is excessive, and it is 
useful to store partial results of the algorithm in a database for later, accelerated use. 
The cluster 150 can be employed to generate databases and/or recipes for the 
measurement and/or inspection of wafers by the instruments of tlie in-process 

25 measurement system clusters 1 12, 1 14, and/or 116, which may be uploaded thereto 
through the networks 120. In this manner, the stand-alone cluster 150 may be 
advantageously employed to perform setup operations (e.g., recipe and/or database 
generator) for use in the in-process clusters 1 12, 1 14 and/or 1 16, while the clusters 
1 12, 1 14, 1 16 are in use measuring processed wafers. 

30 Referring now to Fig. 5, another exemplary implementation of the present 

invention is illustrated, v^erein a measurement system cluster 202 is part of a 
fabrication process 200 having a process tool 204 and an APC system 206. The 
systems 202 and 206, as well, as the process tool 204 may communicate with each 
other via a network 208. Alternatively or in combination, the APC system 206 can 
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communicate directly with the measurement system cluster 202. The measurement 
system cluster 202 is employed in the process 200 for measurmg process paramet^s 
associated with wafers (not shown) transferred thereto from the process tool 204 in a 
manner similar to the exemplary system 2 of Fig. 1 . The system 202 includes a 
5 scanning electron microscope (CD-SEM) system 210 operative to measure process 
parameters of the wafers, which may also comprise pumps and sealing devices (not 
shown) for creating a vacuum therem. The system cluster 202 further includes an 
optical scatterometer 212 and a spectroscopic ellipsometer (SE) 214, to which a 
robot 216 may selectively provide wafers according to one or more selection criteria, 

1 0 as illust-ated and described hereinabove. As noted above, optical scatterometer 212 
may comprise spectroscopic ellipsometer 214. Optical scatterometer 212 may also 
comprise a reflectometer. 

Wafers ai*e provided to the robot 21 6 by an unload station 220, for example, 
which unloads the wafers from a wafer holding device such as a cassette (not 

15 shown), and once appropriate measurements have been made in the integrated 

system 202, the wafers may be loaded into appropriate cassettes at a loading station 
222. As with the measurement systems illusti-ated and described above, the robot 
216 of the system 202 selectively provides wafers to one or more of the component 
measurement systems or instruments 210, 212, and/or 214 according to at least one 

20 selection criterion, such as capabilities requirements information associated with the 
. processed wafers, as well as capability information, availability information, and 
throughput information associated with the measurement systems 210, 212, and 214. 

There are many alternative aixangements, each having different strategies for 
loading and unloading wafers, as described above m conjunction with Figure 1 . 

25 The capabilities information can comprise information indicating the type of 

feature(s) or dimension(s) to be measured in the system 202, as well as the required 
accuracy for the measurement(s). The selection takes irito account the measurement 
capabilities of the systems 210, 212, and/or 214. For example, one or more of the 
systems 210, 212, and/or 214 may be capable of perfonning a given measurement 

30 within the required accuracy, while others may not In addition, the respective 
systems 210, 212, and/or 214 each have different througliput capabilities. For 
instance, the SEM 210 can measure about 30 wafers per hour (wph), the 
scatterometer 212 can measure up to 150 wph, and the spectroscopic ellipsometer 
214 may measure 75 to 80 wph. In accordance with an aspect of the invention, the 
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robot 216 provides the wafers to the measurement instrument which can provide the 
highest throughput, within the required measurement capabilities for a particular 
measurement task. In this regard, the measurement capability requirements can be 
derived from the identity of a particular wafer, which can be obtained, for example, 
5 using an OCR system (not shown) or other identification device or technique. 

In this regard, the selection may also take into accomit the availability or 
current utilization of the mstruments 210, 212, and/or 214 in scheduling the transfer 
of wafers via the robot 216! Thus, the robot 21 6 can provide a wafer to a selected 
measurement system 210, 212, or 214 having capabilities required for the wafer 

10 according to the capabilities requifenients information (e.g., obtained or derived 
from the wafer identification) and the measurement system capability information 
(e.g, , whether a particular instrument 2 10, 212, and/or 214 is capable of performing 
a particular measurement). Furthermore, the selection may reflect the measurement 
system 210, 212, and/or 214 having the highest throughput vsdth the capabilities 

15 required for the wafer according to measm*ement system availability information and 
througliput information. Thus, where the high throughput scatterometer 212 is 
currently being used to measure another wafer, the robot 216 may advantageously 
provide a wafer to the CD-SEM 21 0, even though this may have lower throughput 
capability. Alternative aitangements with more load/unload stations afford 

20 additional flexibility in this regard for throughput and performance optimization. 

In addition, the measui-ement systems 210, 212, and/or 214 may be cross- 
calibrated 217 in order to facilitate alternating or switching between the 
measurement systems. That is, calculated measurements generated by the 
scatterometer 212 may be coirelated to resemble the calculated measurements 

25 provided by the CD-SEM 210. This cross-calibration 217 teclinique facilitates data 
interpretation to the extent that the measurements generated by the scatterometer 212 
for production samples can be used uiterchangeably with those given by CD-SEM 
210. 

For example, a reference wafer (e.g., a focus-exposure matrix wafer or test 
30 wafer) is measured with an integrated optical scatterometer 212 and scatterometry 
Imewidth measurements are calculated in real time or by using a database 
comparison approach or mathematical database compaiison. The wafer is also 
measured by the CD-SEM 210 to produce CD-SEM linewidth measurements. The 
relationship between the CD-SEM and the scatterometry Une width measurements is 
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mathematically analyzed and represented as a polynomial expression defining a 
continuous curve fit referred to as a correlation fimction. The correlation fimctions 
may vary fix>m process step to process step (e.g., gate to contact) in the same 
fabrication process, so each process step may have its own correlation fimction. The 
5 scatterometer may then be employed to measure linewidths on new and unknown 
wafers. The scatterometry linewidth is calculated as described above by comparing 
them to theoretical calculations. The calculated linewidth can then be adjusted with 
the correlation fimction in order to become a closer match with results expected if 
tlie CD-SEM 21 0 was used. 

1 0 Referrmg now to Figs. 6 and 7, the invention also provides for integration of 

one or both of the APC system 206 and the process tool 204 with the measurement 
system cluster. For example, in Fig. 6, an integrated measm'ement system cluster 
230 comprises the instrmnents 210, 212, and 214, the robot 216, and the unloading 
and loading stations 220 and 222. Another example is illustrated in Fig. 7, wherein 

15 an integrated system 240 comprises instruments 210, 212, and 214, the robot 216, 
unloading and loading stations 220 and 222, the APC system 206, and the process 
tool 204. In this example, it will be appreciated that the system 240 is not 
necessarily shown to scale, and that the process tool 204 may be physically much 
lai'ger than the other components in the system 240, in which case the integration 

20 may take the form of attaching the clustered measurement components to the 
process tool 204. It will be fiarther appreciated that the integration of such 
components may advantageously reduce or eliminate the excessive physical transfer 
(e.g., sometimes manual) of wafers fi-om one component to another, and that the 
loading and unloading stations 222 and 220, respectively, may not be needed in the 

25 system 240, as wafers from the process tool 204 can be introduced directly to the 
robot 216. 

The present invention thus provides for intelligent selection of measurement 
instrumentation in order to provide timely measurement and/or inspection 
information and other feedback information not previously achievable. One 
30 example of such intelligent selection is illustrated in Fig. 8, wherein an exemplary 
measurement system selection logic component 250 is illustrated. The logic 
component 250 may operate in similar fashion to the measurement selection logic 
component 34 of Fig, 1, as described hereinabove, whereby one or more selection 
criteria may be used in making a selection fi'om among two or more measurement 
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instruments or systems in a measurement system cluster (e.g., cluster 2 of Fig. 1). 
For example, the selection logic component 250 may be implemented in software, 
liardware, and/or combinations thereof, such as in a computer system (e.g., computer 
system 30 of Fig. 1). 

5 The exemplary logic component 250 comprises various information used to 

provide a measurement system selection 252 to a wafer transfer system 254. For 
instance, capabilities requirements information 256 may be derived from a wafer 
identification 257, such as can be obtained from an optical scan of one or more 
characters or codes stamped on a wafer, for example, using an OCR system 258, as 

10 described above. The capabilities information 256 includes accuracies, and other 
parameters by which the selection logic component 250 may determine the 
suitability of one or more measurement instrmnents for a particular measurement or 
inspection task. For example, the logic component 250 may compare the capability 
requirements 256 for a particular task with measurement system capability 

15 information 261 , 262, 263, and tlie like corresponding to measurement instruments 
(not shown) in a measurement system cluster (e,g, systems 10, 12, and 14 of Fig. 1), 
and determme which of the measurement systems meets the capability requirements 
256. 

In addition, the measui-ement system selection 252 may also be based on 
20 measui'ement system availability or utilization information 271, 272, 273, and the 
like corresponding with the measurement systems in tlie cluster. For example, the 
information 271, 272, and/or 273, and the like may be consulted or queried in order 
to ascertain whether an instrument is currently in use, about to be used, inoperable, 
scheduled for maintenance or the like. Thus, the wafer transfer system 254 may 
25 provide wafers to another measurement system where a first such system is currently 
in use, whereby parallel or simultaneous measurement operation of two or more 
measurement systems in a cluster may fiirther speed up the measurement process 
from a cluster perspective. As a further consideration, the selection logic component 
250 may consult measurement system throughput information 281, 282, 283, and the 
30 like in order to advantageously select an available measurement system having the 
highest throughput capabiliQ^. In a further addition, the measurement system 
selection 252 may also be based on anticipated need based on &brication schedule 
260, e.g., for a fabrication process 80 as shown in Figure 3. Fabrication schedxde 
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260 may include infonnation to allow intelligent sampling of the performance of 
particular process tools, e.g., 76 aiid 79. 

Another aspect of the invention provides methodolo^es for measuring 
process parameters in a semiconductor fabrication process. Referring now to Fig. 9, 
5 and exemplary method 300 is illustrated in accordance with the invention. Although 
the exemplary metliod 300 is illustrated and described herein as a series of bloclcs 
representative of various events and/or acts, the present invention is not limited by 
the illustrated ordering of such blocks. For instance, some acts or events can occur 
in different orders and/or concurrently with other acts or events, apart fiom the 

10 ordering illust ated herem, in accordance with the mvention. Moreover, not all 
illustrated blocks, events, or acts, may be required to unplement a methodology in 
accordance wifli the present invention. In addition, it will be ^preciated that the 
exemplary method 300 and other methods according to the invention can be 
implemented in association with the apparatus and systems illustmted and described 

15 herein, as well as in association with otiier systems and apparatus not illustrated or 
described. 

Beginning at 302, a wafer is received at 304 from a fabrication process. For 
example, a wafer may be received in a measurement system cluster (e.g., system 2 
of Fig. 1) from a process tool. At 306, the wafer is identified (e.g., using an OCR 

20 system to read at least one character thereon or by some other technique), and the 
measurement capabilities requirements therefor are detennined. Thereafter at 308, a 
determination is made as to available measm*ement instruments (e.g., component 
measurement devices in a measurement system cluster) having the required 
measurement capabilities. Such determination may talce into consideration the 

25 anticipated need based on the fabrication schedule. At 3 1 0, an available 

measurement instrument is selected having the required measurement capabilities 
and having the highest throughput capacity. The wafer is then measured at 312 
using the measurement system or uistrument selected at 3 12, whereafter the method 
300 ends at 314. 

30 Although the invention has been shown and described vwth respect to certain 

illust'ated utiplementations, it will be appreciated tiiat equivalent alterations and 
modifications will occur to others skilled in the art upon the reading and 
understanding of this specification and the annexed drawings. In particular regard to 
the various fiinctions performed by tfie above described components (assemblies, 

r 
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devices, circuits, systems, etc.), the terms (including a refei-ence to a "means") used 
to describe such components are intended to correspond, unless otherwise indicated, 
to any component which performs the specified function of the described component 
that is functionally equivalent), even though not structurally equivalent to the 

5 disclosed structure, which performs the function in the herein illustrated exemplary 
aspects of tlie invention. In this regard, it will also be recognized that the invention 
may include one or more computer systems as well as computer-readable media 
having computer-executable instructions for performing the acts and/or events of Ihe 
various methods of the invention. Various modes of communication, e.g., between 

10 components of a computer system or between systems, are in some cases implicit. 
In addition, while a particular featui-e of the invention may have been 
disclosed with respect to only one of several implementations, such feature may be 
combined with one or more other features of the other implementations as may be 
desired and advantageous for any given or particular application. Furthermore, to 

15 the extent that the terms "includes", "including", with, "has", "having", and variants 
tliereof are used in either the detailed description or the claims, these tmns are 
intended to be inclusive in a manner similar to the term "comprising." 
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Claims 

What is claimed is: 

1 . A measurement system cluster (2, 70, 112, 114, 1 1 6. 1 50, 202, 230, 
240) for measuring process parameters associated with wafers (4, 54, 75, 110) in a 
semiconductor fabrication process (80, 100, 200), comprising: 

first and second measurement systems (10, 12, 14, 58, 60, 62, 71, 72, 73) 
having first and second measurement instruments, respectively, wherein the first and 
second measm*ement instruments (71, 72, 73, 210, 212, 214) are operative to 
measure at least one process parameter associated with a wafer (4, 54, 75, 1 10); and 

a wafer transfer system (20, 74, 254) receiving a wafer (4, 54, 75, 11 0) 
processed in the fabrication process (80, 100, 200) and selectively providing the 
wafer (4, 54, 75, 110) to at least one of the fu-st and second measurement systems 
(10, 12, 14, 58, 60, 62, 71, 72, 73) according to a measurement system selection 
criteria for measurement therein of a process parameter. 

2. The measurement system cluster (2, 70, 112, 114, 116, 150,202,230, 
240) of claim 1, comprismg a measurement system selection logic component (34, 
250) providing a measui'ement system selection (252) to the wafer transfer system 
(20, 74, 254) according to the measurement system selection criteria, wherein the 
wafer transfer system (20, 74, 254) provides the wafer (4, 54, 75, 1 10) to the at least 
one of the first and second measui'ement systems (10, 12, 14, 58, 60, 62, 71, 72, 73) 
according to the measurement system selection (252). 

3. The measui-ement system cluster (2, 70, 1 12, 1 14, 116, 150, 202, 230, 
240) of claim 2, wherein tlie measurement system selection criteria comprises at 
least one of capabilities requirements information (256) associated with the wafer (4, 
54, 75, 110), measurement system capability information (261, 262, 263) associated 
with the furst and second measurement systems (10, 12, 14, 58, 60, 62, 71, 72, 73), 
measurement system availability infonnation (271, 272, 273) associated with the 
first and second measurement systems (10, 12, 14, 58, 60, 62, 71, 72, 73), 
anticipated need for the first and second measurement systems (10, 12, 14, 58, 60, 
62, 71, 72, 73), and throughput information (281, 282, 283) associated with the first 
and second measui'ement systems (10, 12, 14, 58, 60, 62, 71, 72, 73). 



20 



wo 02/088677 



PCT/US02/13158 



4. The measurement system cluster (2, 70, 1 12, 1 14, 116, 150, 202, 230, 
240) of claim 3, comprising an optical character recognition system (44, 258) 
providing a wafer identification (257) to the measurement system selection logic 
component (34, 250), wherein the capabilities information (256) is derived 
accordmg to the wafer identification (257). 

'J 

5. Tlie measurement system cluster (2, 70, 1 12, 114, 116. 150, 202, 230, 
240) of claim 3, wherem the measurement system selection logic component (34, 
250) provides die measurement system selection (252) indicating a selected 
measurement system having capabilities required for the wafer (4, 54, 75, 110) 
accordmg to the capabilities requkements information (256) and the measurement 
system capability information (261, 262, 263). 

6. The measurement system cluster (2, 70, 1 12, 114, 1 16, 1 50, 202, 230, 
240) of claim 3, wherein the measurement system selection logic component (34, 
250) provides the measurement system selection (252) indicating a selected 
available measurement system having the highest throughput with the capabilities 
required for the wafer (4, 54, 75, 110) according to the measurement system 
availability infonnation (261, 262, 263) and the throughput information (281, 282, 
283). 

7. The measurement system cluster (2, 70, 1 12, 1 14, 116, 150, 202, 230, 
240) of claim 1, wherein the first and second measurement systems (10, 12, 14, 58, 
60, 62, 7 1 , 72, 73) are cross-calibrated. 

8. The measurement system cluster (2, 70, 112, 114, 116, 150, 202, 230, 
240) of claim 1, comprising an APC system (64, 130, 206) receiving a measui-ed 
process parameter from the at least one of the first and second measurement systems 
(10, 12, 14, 58, 60, 62, 71, 72, 73) and providing process feedback (66, 68, 122, 
126) according to the measured process parameter. 

9. The measurement system cluster (2, 70, 1 12, 1 14, 1 1 6, 1 50, 202, 230, 
240) of claim 8, comprising a computer system (30) operatively associated with the 
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wafer transfer system (20, 74, 254) and the first and second measurement systems 
(10, 12, 14, 58, 60, 62, 71, 72, 73), wherein the computer system (30) comprises the 
APC system (64, 130,206). 

10. The measurement system cluster (2, 70, 112, 114, 116, 150, 202,230, 
240) of claim 9, wherein the computer system (30) comprises a measui-ement system 
selection logic component (34, 250) providing a measurement system selection 
(252) to the wafer transfer system (20, 74, 254) according to the measurement 
system selection criteria, wherein the wafer transfer system (20, 74, 254) provides 
the wafer (4, 54, 75, 1 10) to the at least one of the first and second measurement 
systems (10, 12, 14, 58, 60, 62, 71, 72, 73) according to the measurement system 
selection (252). 

11. The measurement system cluster (2, 70, 112, 114, 116, 150, 202,230, 
240) of claim 10, wherein the measurement system selection criteria comprises at 
least one of capabilities requirements information (256) associated with the wafer (4, 
54, 75, 1 10), measurement system capability information (261, 262, 263) associated 
with the first and second measm'emeht systems (10, 12, 14, 58, 60, 62, 71, 72, 73), 
measurement system availability information (271, 272, 273) associated with the 
first and second measurement systems (10, 12, 14, 58, 60, 62, 71, 72, 73), and 
tluoughput infoimation (281, 282, 283) associated with tlie first and second 
measurement systems (10, 12, 14, 58, 60, 62, 71, 72, 73). 

12. The measurement system cluster (2, 70, 1 12, 1 14, 116, 150, 202, 230, 
240) of claim 11, comprising an optical character recognition system (44, 258) 
providing a wafer identification (257) to the measurement system selection logic 
component (34, 250), wherein tiie capabilities information (256) is derived 
accorduig to tiie wafer identification (257). 

13. The measurement system cluster (2, 70, 1 12, 1 14, 1 16, 150, 202, 230, 
240) of claim 1 1, wherein the measurement system selection logic component (34, 
250) provides the measurement system selection (252) indicating a selected 
measurement system having capabilities requked for the wafer (4, 54, 75, 110) 
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according to the capabilities requirements information (256) and the measurement 
system capability infonnation (261, 262, 263). 

14. Tlie measurement system cluster (2, 70, 1 12, 1 14, 1 16. 150, 202, 230, 
240) of claim 13, wherein the measurement system selection logic component (34, 
250) provides the measurement system selection (252) indicating a selected 
available measurement system havmg the highest throughput with the capabilities 
required for the wafer (4, 54, 75, 1 10) according to the measurement system 
availability information (271, 272, 273) and the throughput information (281 , 282, 
283). 

15. The measurement system cluster (2, 70, 112, 114, 116, 150,202,230, 
240) of claim 14, wherein tlie computer system (30) comprises calibration 
information (36) associated witli the first and second measurement systems (10, 12, 
14, 5 8, 60, 62, 7 1 , 72, 73), and wherein tlie first and second measurement systems 
(10, 12, 14, 58, 60, 62, 71, 72, 73) are cross-calibrated. . 

1 6. The measurement system cluster (2, 70, 1 12, 1 1 4, 1 1 6, 1 50, 202, 230, 
240) of claim 1, comprising an unloader station (22, 220) receiving the wafer (4, 54, 
75, 110) from the fabrication process (80, 100, 200) and operative to unload the 
wafer (4, 54, 75, 110) from a wafer holding device (24) aiid to provide the unloaded 
wafer (4, 54, 75, 1 10) to the wafer transfer system (20, 74, 254). 

17. The measurement system cluster (2, 70, 1 12, 1 14, 116, 150, 202, 230, 
240) of claim 1, comprising a loader station (42, 222) receiving the wafer (4, 54, 75, 
1 10) from the wafer transfer system (20, 74, 254) and loading the wafer (4, 54, 75, 
110) into a wafer holdmg device (24). 

18. The measurement system cluster (2, 70, 1 12, 1 14, 1 16, 150, 202, 230, 
240) of claim 1, wherein the wafer transfer system (20, 74, 254) comprises a robot 
(216). 

19. The measurement system cluster (2, 70, 1 12, 1 14, 116, 150, 202, 230, 
240) of clauTi 1, comprising a process tool (56, 68, 76, 79, 102, 104, 106, 204) 
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operative to perform at least one fabrication processing step to the wafer (4, 54, 75, 
110) and to provide the processed wafer to the wafer transfer system (20, 74, 254). 

20. The measurement system cluster (2, 70. 1 12, 1 14, 116, 150, 202, 230, 
240) of claim 1 9, comprising an APC system (64, 130, 206) receiving a measured 
process parameter from the at least one of the first and second measurement systems 
(10, 12. 14, 58, 60, 62, 71, 72, 73) and providing process feedbackX66, 78, 122, 124, 
126) according to the measured process parameter. 

21. The measurement system cluster (2, 70, 1 12, 1 14, 1 16, 150, 202, 230, 
240) of claim 20, wherein the APC system (64, 130, 206) provides the process 
feedback (66, 78, 122, 124, 126) to the process tool (56, 68, 76, 79, 102, 104, 106, 
204), and wherein the process tool (56, 68, 76, 79, 102. 104, 106. 204) performs the 
at least one fabrication processing step according to tlie process feedback (66, 78, 
122, 124, 126). 

22. A wafer inspection system for inspecting a wafer (4, 54, 75, 1 10) in a 
semiconductor device fabrication process (80, 100, 200), comprising: 

a measurement system (10, 12, 14, 58, 60, 62, 71, 72, 73) having a 
measurement instrument (210, 212, 214) operative to measure at least one process 
parameter associated with a wafer (4, 54, 75, 1 10); and 

an optical chai*acter recognition system (44, 258) providing a wafer 
identification (257) accordmg to at least one optically recognizable character on the 
wafer (4, 54,75,110). 

23. The inspection system of claim 22, comprising first and second 
measurement systems (10, 12, 14, 58, 60, 62, 71, 72, 73) having fu'St and second 
measurement instruments (210, 212, 214), respectively; and a wafer transfer system 
(20, 74, 254) receiving a wafer (4, 54, 75, 110) processed in the fabrication process 
(80, i 00, 200) and selectively providing the wafer (4, 54, 75, 1 10) to at least one of 
the first and second measurement systems (10, 12, 14, 58, 60, 62, 71, 72, 73) 
according to the wafer identification (257) and at least one measurement system 
selection criterion for measurement therein of a process parameter. 
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24. The inspection system of claim 23 , comprising a measurement 
system selection logic component (34, 250) providing a measurement system 
selection (252) to the wafer transfer system (20, 74, 254) according to the wafer 
identification (257) and the at least one measurement system selection criterion, 
wherein the wafer transfer system (20, 74, 254) provides the wafer (4, 54, 75, 1 10) 
to the at least one of the first and second measurement systems (10, 12, 14, 58, 60, 
62, 71, 72, 73) accordmg to the measurement system selection (252). 

25 . The inspection system of claim 24, wherein the at least one 
measurement system selection criterion comprises at least one of capabilities 
requirements information (256) associated with the wafer (4, 54, 75, 110), 
measurement system capability information (261, 262, 263) associated with tlie first 
and second measurement systems (10, 12, 14, 58, 60, 62, 71, 72, 73), measurement 
system availability information (271, 272, 273) associated with the first and second 
measurement systems (10, 12, 14, 58, 60, 62, 71, 72, 73), and throughput 
information (281, 282, 283) associated with tlie first and second measurement 
systems (10, 12, 14, 58, 60, 62, 71, 72, 73). 

26. The inspection system of claim 25, wherein the measurement system 
selection logic component (34, 250) provides the measurement system selection 
(252) indicating a selected available measm*ement system having the highest 
throughput witli the capabilities required for the wafer (4, 54, 75, 1 10). 

27. A method of measuring a process paa^ameter associated with a wafer 
(4, 54, 75, 1 10) in a semiconductor fabrication process (80, 100, 200), comprising: 

receiving the wafer (4, 54, 75, 110) from the fabrication process (80, 100, 

200); 

selectively providing the wafer (4, 54, 75, 1 1 0) to at least one of first and 
second measurement systems (10, 12, 14, 58, 60, 62, 71, 72, 73) according to a 
raeasiu^ment system selection criterion; and 

measuring the process parameter using the at least one of the first and second 
measurement systems (10, 12, 14, 58, 60, 62, 71, 72, 73). 
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28. Tlie method of claim 27, wherein selectively providing the wafer (4, 
54, 75, 1 10) to at least one of first and second measurement systems (10, 12, 14, 58, 
60, 62, 71, 72, 73) comprises: 

identifying the wafer (4, 54, 75, 1 10); 

determining measurement capabilities required to measure the process 
parameter according to the identity of the wafer (4, 54, 75, 110); 

selectmg the at least one of first and second measurement systems (10, 12, 
14, 58, 60, 62, 71, 72, 73) according to the required measurement capabilities (256) 
and measurement system capabilities information (261, 262, 263) associated with 
tiie first and second measurement systems (10, 12, 14, 58, 60, 62, 71. 72, 73). 

29. The method of claim 28, wherein selecting the at least one of first and 
second measuremmt systems (10, 12, 14, 58, 60, 62, 71, 72, 73) comprises selectmg 
an available measurement system fi:om the first and second measuiiement systems 
(10, 12, 14, 58, 60, 62, 71, 72, 73) having the highest throughput witii the required 
measurement capabilities for the wafer according to measurement system 
availability information (271, 272, 273) and throughput information (281, 282, 283). 

30. A system for creating setup information for use in measuring process 
pai'ameters associated with semiconductor wafers (4, 54, 75, 110) in a 
semiconductor device manufacturing process (80, 100, 200), comprising: 

an off-line measurement instrument adapted to measure a wafer (4, 54, 75, 
110); and 

a setup information generator operatively associated with tiie off-line 
measurement instrument to create setup information according to a measurement 
tlierefi'om and to provide the setup information to a process measui-ement system 
associated with the semiconductor device manufacturing process (80, 100, 200); 

wherein the setup hiformation is usable by the process measm'ement system 
to measure process parameters associated with semiconductor wafers (4, 54, 75, 
1 10) in the semiconductor device manufactming process (80, 100, 200). 

3 1 . The system of claim 30, wherein the setup information comprises at 
least one of a recipe and a database. 
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32. A method of operating a scatterometer in conjunction with a scanning 
elect'on microscope (SEM) (210) to evaluate the geometry of features on a 
semiconductor sample comprising: 

measuring a set of reference samples with the scatterometer (212) and 
5 computationally detennining numerical values for feature characteristics; 

measuring the set of reference samples with the SEM (210) and 
physically determining nmnerical values for feature characteristics; 

defining a conflation function relating the computational derived 
values with the physically derived values; and 
1 0 measuring a test sample with the scatterometer (2 1 2) and 

computationally determining numerical values for the feature characteristics, said 
numerical values being adjusted in accordance with the correlation function. 

33. A method of claun 32 wherein the correlation function is derived in 
1 5 accordance with a polynomial expression defining a curve fit between the 

computationally determined numerical values and the physically determined 
numerical values. 

34. The method of claim 32 further comprising conelating any one 

20 instiniment (71, 72, 73, 210, 212, 214) in a measui'ement system cluster (2, 70, 1 12, 
114, 116, 150, 202, 230,240) to any other instrument (71, 72, 73,210,212, 214). 

35. The method of claim 34 wherein correlating any one measurement 
instrument (210, 212, 214) in the cluster to any other measui-ement instrument (210, 

25 212, 214) comprises correlating the scatterometer (212) to the SEM (210) and the 
SEM (210) to tlie scatterometer (212) such that the correlation is bi-directional, 

36. The method of claim 32 further comprising measuring the correlation 
witli reference samples on furst measurement instrument (210, 212, 214) and a 

30 second measurement instrument (210, 212, 214) and applying the correlation 
function to results fi*om at least one other instrument. 
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